Most early studies of the incidence of antibiotic properties in actinomycetes were concerned with antibacterial
centrifugal strength of 904g at the surface and 1609g a t the bottom and thus removed the micro-organisms accompanying the actinomyces contained in the sample of the soil and excluded their influence on the culturing plates. The centrifugation method made it possible to obtain within 10 days colonies of pure cultures of actinomycetes, which could be re-inoculated direct from the first culture medium and might be used for further study. In this way the tedious purification of strains was done away with, so that influence on the isolated actinomycetes by culturing under laboratory conditions was minimal as compared with present isolation methods.
The isolated strains were grown on solid medium in Petri dishes for 5-8 days. Agar blocks were cut and used for determining the antibiotic spectrum, for characterizing by paper chromatography and for determining the ionic character of the antibiotic substances secreted. The rest of the medium was extracted and tested for the presence of polyenes by U.V. absorption. The visual appearance of the pigment formation was recorded, Thus it was possible to study the production and basic properties of antibiotic substances from a single Petri dish culture.
Media and cultivation. SevEik, Podojil & Vrtigkovii, 1957) , selected as the most satisfactory from among a large number of media tested. The organism was evenly inoculated over the whole surface of the medium.
Test bacteria were maintained on meat-infusion peptone agar, but for determining the antibiotic spectrum, they were grown at 32' on a nutrient medium containing (yo, wlv) : peptone 0.5, yeast autolysate 0-32 and agar 1.5.
Test yeasts and fungi were maintained, and cultured during the experiment, at 28' on a medium containing (yo, wlv): malt extract 0.6, yeast extract 0-3, glucose 1, peptone 0.5 and agar 1.5.
Determination of the antibiotic spectrum. The authors used the agar block method of Ishida, Shiratori, Okamoto & Miyazaki (1951 When developed, the strips of chromatographic paper were placed on agar medium in glass plates measuring 35 cm. x 35 em.
Test micro-organisms suitable for biological investigation were selected on the basis of the antibiotic spectrum, In some actinomycetes, production of a mixture of antibiotics could be deduced from the results of biological investigation of the summarized papergram, from the formation of double inhibition zones and from the very broad antibiotic spectrum. In such cases two or more test micro-organisms were used for the biological investigation of the summarized papergram.
Assay of ionic character. Agar blocks with the culture of actinomycetes were placed in the basic agar medium, over which an agar medium containing cation exchange resin ROA (Severa, Peciik & Hoffman, 1954) or Fluka STG anion exchange resin (A.G. St Gallen) was poured. Agar medium inoculated with a test micro-organism was then poured over the agar medium containing ion exchange resin. The results were evaluated by comparing the averages of inhibition zones obtained after 18 hr. incubation at 37" in the medium containing ion exchange resin and the averages of inhibition zones in the control part of the plate containing no ion exchange resin. This method was elaborated by SevEik & Podojil (1957).
Detection of substances of a polyene character. The agar medium remaining after the previous tests was ground, washed with acetone and this extract was dried until completely dry. The U.V. absorption spectrum of an ethanolie extract of the residue was then examined.
RESULTS

Eflect of the actinomycetes on individual test micro-organisms
Antibiotic activity was detected in 515 (69.9%) of 739 strains of actinomycetes recovered from 115 soil samples. The percentage of strains active against various Gram-positive and Gram-negative bacteria is given in Fig. 1 , and against yeasts and fungi in Fig. 2. From Fig. 1 it will be seen that groups C and B contained actinomycetes inhibiting both Gram-positive and Gram-negative bacteria. The percentage of strains inhibiting only Gram-positive bacteria is larger, however. Figure 2 shows that group D, i.e. with inhibition zones of 31-40 mm., contained actinomycetes inhibiting Saccharomyces cerevisiae, Rhixopus nigricans and Fusarium nivale. Group C , with inhibition zones of 21-30 mm., included strains inhibiting all the test micro-organisms with the exception of Alternaria solani. Although Rhizopus nigricans was inhibited by a large number of weakly active strains (39%), it was inhibited by only a small proportion of actinomycetes with medium activity (3.3 % ). Action of actinomycetes on groups of test micro-organisms In view of the fact that the recently described group of polyene antibiotics is active against yeasts and fungi, but not against bacteria, and as the number of known antibiotics with an antibacterial and antifungal effect is very small, it can already be inferred from the results of this part of the work, as Fig. 3 shows, that a large number of the actinomycete strains in the present series produces a mixture of aRtibiotic substances. 
croup I
Strains producing actinomycin, xanthomycin and other antibiotics, also pigments of a quinone or anthocyanin character, the colour of which depends on the nature of the substrate (e.g. rhodomycin, thodomycetin, actinorhodine, lithmocidin and ceolicolorin).
The antibiotic substances of this group are soluble in organic solvents but 2. Van&?, L. DoleZilovii and 2. RehcEielc only slightly in water, These strains produce yellow, orange or red pigments, and are active chiefly against Gram-positive bacteria and fungi, and only to a very small degree against Gram-negative bacteria. Figure 4 , col. 11, shows that from among the total number of antagonistic actinomycetes, 15.7 % produced antibiotics belonging to this group; 10.6 yo produced a mixture of this type of antibiotic together with an antibiotic or antibiotics of a polyene nature.
Group I I
Actinomycetes producing streptothricin, streptomycin, neomycin and other similar antibiotics.
The antibiotic substances in this group are of a basic character, easily soluble in water but not soluble in the majority of organic solvents. They have antagonistic effect on Gram-positive and Gram-negative bacteria and also on fungi.
It can be seen from Fig. 4 , col. 111, that 39.3% of the total number of antagonistic actinomycetes producing antibiotic substances belonged to this group; 11.9yo produced a mixture of this type of antibiotic together with an antibiotic or antibiotics of a polyene nature.
Group I I I
Actinomycetes producing antibiotic substances of a neutral or amphoteric character, e.g. chloramphenicol, chlortetracycline, oxytetracycline and flaveolin, and basic substances of the erythromycin-carbomycin type.
The antibiotic substances in this group are weakly soluble in water and easily soluble in organic solvents. Cultures exert antagonistic effect on Grampositive and Gram-negative bacteria and some are also effective against fungi. Figure 4 , col. IV, shows that of the total number of antagonistic actinomycete strains, 21.4 % produced antibiotic substances belonging to this group.
In addition, 9-3 yo produced substances of a polyene character.
Group I V Actinomycetes strongly active against yeasts and less effective against fungi. It can be seen from Fig. 4 , col. V, that of the total number of antagonistic actinomycetes, 7.3 % produced antibiotics belonging to this group. At the same time, 1.8 yo produced polyene antibiotics.
Group v
Strains of actinomycetes producing substances of a polyene character, with characteristic absorption spectra in U.V. light. These strains exhibit marked antagonistic activity against fungi and are not effective against bacteria. Fig. 4 , col. I, shows that 16.8% of the total number of actinomycetes produced polyene antibiotics only; 34.2 % produced polyene antibiotics together with antibiotic substances of other groups. Of the total number of 195 strains of actinomycetes which produced antibiotics of a polyene character, 175 produced hepataenes, one strain hexaene, five strains pentaenes, six strains tetraenes, six strains a mixture of heptaenes and pentaenes and two a mixture of hexaenes and tetraenes.
DISCUSSION
In these experiments almost 70% of freshly isolated actinomycetes had an antagonistic effect. In the literature the figures range from 10 to SOY0, depending on the methods of testing and the nutrient media. A further factor which influences the number of antagonistic strains detected is marked lability of productive capacity. Thus under laboratory conditions, strains of actinomycetes often lose their ability to produce antibiotic substances after a few subcultures. In the present case this is unlikely to have occurred since all tests were always made from a single Petri dish culture constituting the third subculture after isolation. A high proportion of freshly isolated strains produce substances of a polyene character as well as other antibiotics. This finding is significant, both from the aspect of methods and from the theoretical point of view. Thus the results of a first screening based on the antibiotic spectrum, solubility and antibiotic properties must be interpreted with great caution, and the possibility that a given strain may produce a mixture of antibiotics must always be taken into account. It should be emphasized that the authors concentrated on the problem of the distribution of strains producing a mixture of non-polyene and polyene antibiotics, which are easily distinguished from one another. The possibility of determining other types of antibiotic mixtures was not investigated.
The results of the work are in agreement with those of Ball el al. (1957) in that the majority of antifungal antibiotics found were also of a polyene character. They differ, however, in the proportional distribution of the individual groups. In the findings of Ball et al. (1957) , the largest group was that of the tetraenes, while in the present experiments the most numerous were the heptaenes, in agreement with Pledger & Lechevalier (1956).
From the incidence of mixture of antibiotics in the individual groups, it is seen that the strains producing polyenes as well as other antibiotics are most numerous in the second group (actinomycins, rhodomycins, rhodomycetin, lithmocidin, etc.) and in the fourth group (antibiotics of the type of tetracycline and erythromycin-carbomycin). It is assumed that this is not a chance phenomenon and that it indicates a definite biogenetic relationship between these antibiotics.
Actinomycetes producing a mixture of antibiotic substances with an antifungal and an antibacterial action are doubtless better equipped for the struggle for existence under the complex competitive conditions which exist among soil microflora. It may be presumed that the formation of mixtures of antibiotic substances is a regular phenomen caused by the interaction of soil microflora and that antibiotic substances are not a chance pathological products of microbial metabolism.
